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EXPA3SIDABLE VINYLAROMATIC POLYMERS AND PROCESS FOR THEIR 
PREPARATION 



The present invention relates to esqpandable vinylaro- 
10 matic polymers and the process for their preparation. 

More specifically, the present invention relates to a 
process for the preparation of expandable vinylaromatic 
polymers which, after expansion, have a reduced thermal 
conductivity also at a low density, and the products thus • 
15 obtained. 

Expandable vinylaromatic polymers and, among these, in 
particular, expandable polystyrene, are products which have 
been known and used for a lonfir time for preparing expanded 
articles which can be used in different fields of applica- 
20 tion, among which one of the most important is thermal in- 
sulation . 

These expanded products are obtained by swelling in a 
closed mould beads of expandable polymer intpregnated with a 
gas and molding the swollen particles contained inside the 
25 mould by means of the contemporaneous effect of pressure 
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and temperature. The swelling of the particles is generally 
effected with vapour, or another gas, maintained at a tem- 
perature slightly higher than the glass transition tempera- 
ture (Tg) of the polymer. 
5 A particular applicative field of expanded polystyrene 

is that of thermal insulation in the building industry 
where it is generally used in the form of flat sheets. The 
flat expanded polystyrene sheets are normally used with a 
density of about 30 g/1 as the thermal conductivity of the 

10 polymer has a minimum at these values. It is not advanta- 
geous to fall below this limit, even if it is technically 
possible, as it causes a drastic increase in the thermal 
conductivity of the sheet which must be compensated by an 
increase in its thickness. To avoid this drawback, sugges- 

15 tions have been made to fill the polymer with athermanous 
materials such as graphite, carbon black or alumina (Euro- 
pean patent 620,246). 

Pojblished Japanese patent application JP 61-171,705 
describes a method for preparing particles of polystyrene, 

20 also expandable, filled with carbon black which comprises 
the polymerization in aqueous suspension of styrene in the 
presence of bifunctional organic peroxides without the ben- 
zene ring and carbon black with dimensions of less than 100 
nm. The process also comprises the addition, during or at 

25 the end of the polymerization, of an e^anding agent, for 
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example isopentane, whose concentration can vary from 1 to 
6% by weight with respect to the polystyrene. 

The radicalic polymeric reaction of vinyl monomers in 
the presence of carbon black is heavily delayed when perox- 
5 ides containing benzene rings are used, as described in K. 
Ohkita, "Carbon", 13, 443-448, 1975, to such an extent that 
carbon black is even used as an inhibitor of peroxides con- 
taining benzene rings in the polymerization of styrene 
(U.S. patent 2,993,903). 

10 The Applicant has now found that it is possible to ob- 

tain expandable styrene polymers filled with carbon black, 
capable of providing low density escpanded materials, with 
characteristics comparable to those of the materials ob- 
tained with the method of the known eirt, using the perox- 

15 ides normally used in the polymerization, in aqueous sus- 
pension, of expandable polystyrene, and consequently with- 
out having to use peroxides not containing benzene rings. 
It is therefore possible to obtain products based on vi- 
nylaromatic polymers with a thermal conductivity capable of 

20 also satisfying class 035 of the DIN 18164 regulation Part 
1, by incorporating therein a particular type of carbon 
black . 

An object of the present invention therefore relates 
to expandable vinylaromatic polymers which comprise: 
25 a) a matrix obtained by polymerizing 50-100% by weight of 
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one or more vinylaromatic monomers and 0-50% by weight 
of at least one copolymerizable monomer; 

b) 1-10% by weight, calculated with respect to the poly- 
mer (a) , of an expanding agent englobed in the poly- 
meric matrix; 

c) 0.01-20% by weight, calculated with respect to the 
polymer (a) , of a carbon black filler homogeneously 
distributed in the polymeric matrix having an average 
diameter ranging from 30 to 2000 nm, a surface area 
ranging from 5 to 40 m^/g, a sulfur content ranging 
from 0.1 to 1000 ppm and an ash content ranging from 
0.001 to 1%. 

According to the present invention, the carbon black 
is also characterized by a weight loss with heat ranging 
from 0.001 to 1%, an iodine number ranging from 0.001 to 2 0 
g/kg and an absorption value of dibutylphthalate (DBPA) 
ranging from 5 to 100 ml/ (100 g) . 

The term "vinylaromatic monomer", as used in the pre- 
sent description and claims, essentially refers to a prod- 
uct which corresponds to the following general formula: 




(I) 



wherein R is a hydrogen or a methyl group, n is zero or 
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integer ranging from 1 to 5 and Y is a halogen, such as 
chlorine or bromine, or an alkyl or alkoxyl radical having 
from 1 to 4 carbon atoms. 

Examples of vinylaromatic monomers having the general 
5 formula defined above are: styrene, a-methylstyrene, me- 
thylstyrene, ethylstyrene, butylstyrene, dimethyls tyrene, 
mono-, di-, tri-, tetra- and penta-chlorostyrene, bromo- 
styrene, methoxy-s tyrene, acetoxy-s tyrene, etc. Preferred 
vinylaromatic monomers are styrene and a-methylstyrene. 

10 The vinylaromatic monomers having general formula (I) 

can be used alone or in a mixture of up to 50% by weight 
with other copolymerizable monomers. Examples of these 
monomers are (meth) acrylic acid, C1-C4 alkyl esters of 
( me th) acrylic acid, such as methyl acrylate, methyl- 

15 methacrylate, ethyl acrylate, ethylmethacrylate, isopropyl 
acrylate, butyl acrylate, amides and nitriles of 
(meth) acrylic acid such as acrylamide, methacrylamide, 
acrylonitrile, methacrylonitrile, butadiene, ethylene, di- 
vinylbenzene, maleic anhydride, etc. Preferred copolymeriz- 

20 able monomers are acrylonitrile and methylmethacrylate . 

Any expanding agent capable of being englobed in the 
vinylaromatic polymeric matrix, can be used in a combina- 
tion with the expandable polymers object of the present in- 
vention. Typical examples are aliphatic hydrocarbons, 

25 freon, carbon dioxide, water, etc. 
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The carbon black filler has an average diameter rang- 
ing from 30 to 2000 nm, preferably from 100 to 1000, a spe- 
cific surface ranging from 5 to 40 m^/g, preferably from 8 
to 20 m^/g, (measured according to ASTM D-6556) , a sulfur 
5 content ranging from 0.1 to 2000 ppm, preferably from 1 to 
500 ppm, an ash residue ranging from 0.001 to 1%, prefera- 
bly from 0.01 to 0.3% (measured according to ASTM D-1506) , 
a weight loss with heat (measured according to ASTM D-1509) 
ranging from 0.001 to 1%, preferably from 0.01 to 0.5%, a 

10 DBPA (measured according to ASTM D-2414) of 5-100 ml/ (100 
g) , preferably 20-80 ml/ (100 g) and an iodine number (meas- 
ured according to ASTM D-1510) ranging from 0.01 to 20 
g/kg, preferably from 0.1 to 10 g/kg. Said filler can be 
added to the vinylaromatic polymer either by means of po- 

15 lymerization in suspension or by means of the continuous 
mass technology, in such quantities as to give a final con- 
centration in the polymer of 0.01 to 2 0% by weight, pref- 
erably from 0-1 to 5%. 

The carbon black used in the present invention can be 

20 prepared according to the following main technologies: 

• furnace process (partial combustion of a liquid con- 
taining aromatic hydrocarbons) ; 

• thermal black process (method based on the decomposi- 
tion of natural gas or liquid hydrocarbons in the ab- 

25 sence of air or flame) ; 
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• acetylene black process (thermal decomposition proc- 
ess, 800-lOOOoc, at atmospheric pressure); 

• lampblack process (combustion of various liquids or 
raw materials .in the absence of air) . 

Greater details can be foxand, for example, in the 
Kirk-Othmer encyclopedia, edition 4, volume 4. 

At the end of the addition of the filler, an expand- 
able polymer is obtained, which can be transformed to pro- 
duce expanded articles having a density ranging from 5 to 
50 g/1, preferably from 10 to 25 g/1. These materials also 
have an excellent thermal insulation capacity expressed by 
a thermal conductivity ranging from 25 to 50 mW/mK, pref- 
erably from 30 to 45 mW/mK which is generally on an average 
even over 10% lower than that of equivalent non-filled ex- 
panded materials currently on the market, for example EXTIR 
A-5000 of Polimeri Europa S.p.A. Thanks to these character- 
istics of the expandable polymers, object of the present 
invention, it is possible to prepare thermo-insulating ar- 
ticles with significant material saving or, for example to 
prepare sheets having a lesser thickness than those pro- 
duced with traditional non- filled polymers, with a conse- 
quent reduction in space. 

Conventional additives, generally used with tradi- 
tional materials, such as pigments, stabilizers, flame- 
retardants, antistatic agents, detaching agents, etc. can 
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be added to the esqpandable polymers object of the present 
invention. 

A further object of the present invention relates to 
the processes for the preparation of expandable polymers 
5 with an intproved thermal conductivity, with a density, af- 
ter expansion, lower than 30 g/1. 

In particular, a further object of the present inven- 
tion relates to a process for preparing expandable vinyla- 
romatic polymers which comprises polymerizing in aqueous 

10 suspension one or more vinylaromatic monomers, optionally 
together with at least one polymerizable comonomer in a 
quantity of up to 50% by weight, in the presence of carbon 
black having an average diameter ranging from 30 to 2000 
nm, a surface area ranging from 5 to 40 m^/g, a sulfur con- 

15 tent ranging from 0.1 to 2000 ppm and an ash residue rang- 
ing from 0.001 to 1% and in the presence of a peroxide 
radicalic initiator, optionally containing at least one 
aromatic ring, and an expanding agent added before, during 
or at the end of the polymerization. The carbon black is 

20 also characterized by a weight loss with heat ranging from 
0.001 to 1%, an iodine n\amber ranging from 0.001 to 20 g/kg 
and a DBPA value ranging from 5 to 100 ml/ (100 g) . 

The polymerization is carried out in aqueous suspen- 
sion with inorganic salts of phosphoric acid, for example 

25 tricalcium phosphate or magnesium phosphate. These salts 
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can be added to the polymerization mixture either already 
finely sxibdivided or synthesized in situ by reaction, for 
exainple, between sodium pyrophosphate and magnesium sul- 
fate . 

5 These inorganic salts are coadjuvated by additives 

Icnown to experts in the field, such as anionic surface- 
active agents, for example sodium dodecylbenzenesulfonate 
or sodium metadi sulfite, as described in U.S. patent 
3,631,014. 

10 The polymerization can also be carried out in the 

presence of organic suspending agents such as polyvinyl 
pyrrol idone, polyvinyl alcohol, etc. 

The initiator system generally comprises two perox- 
ides, the first with a halving time of one hour at 85-95oc 

15 and the other with a halving time of one hour at 110-120®C. 
Examples of these initiators are benzoyl peroxide and ter- 
butyl perbenzoate. 

The vinylaroiaatic polymer, or copolymer, obtained has 
a molecular weight Mw ranging from 50,000 to 220,000, pref- 

20 erably from 70,000 to 200,000. Greater details on processes 
for the preparation of expandable vinylaromatic polymers in 
aqueous solution, or more generally, on polymerization in 
suspension can generally be found in the Journal of Macro- 
molecular Science, Review in Macromolecular Chemistry and 

25 Physics c31 (263) 215-299 (1991) or in international patent 
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application WO 98/51734. 

To improve the stability of the suspension, it is pos- 
sible to increase the viscosity of the reagent solution by 
dissolving a quantity of vinylaromatic polymer therein, in 
a concentration ranging from 1 to 30% by weight, preferably 
from 5 to 20%, calculated with respect to the monomer 
alone. The solution can be obtained either by diluting a 
preformed polymer (for example fresh polymer or the waste 
products of previous polymerizations and/ or expansions) in 
the reagent mixture or by pre-polymerizing the monomer, or 
mixture of monomers, in mass, \intil the above concentra- 
tions are reached, and then continuing the polymerization 
in aqueous suspension in the presence of the remaining ad- 
ditives . 

During the polymerization in suspension, polymeriza- 
tion additives, typically used for producing expandable vi- 
nylaromatic polymers, are adopted, such as stabilizing 
agents of the suspension, chain transfer agents, expanding 
aids, nucleating agents, plasticizers, etc. In particular, 
it is preferable to add f lame-retardant agents during the 
polymerization, in a quantity ranging from 0.1% to 8% by 
weight, with respect to the weight of the resulting poly- 
mer. Flame-retardant agents particularly suitable for the 
expandable vinylaromatic polymers, object of the present 
invention, are brominated aliphatic, cycloaliphatic, aro- 
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matic compoiinds such as ttexabroitiocyclododecane pentabromo- 
monochlorocyclohexane and pentabromophenyl allyl ether. 

The expanding agents are preferably added during the 
polymerization phase and are selected from aliphatic or 
5 cycloaliphatic hydrocarbons containing from 3 to 6 carbon 
atoms such as n-pentane, isopentane, cyclo-pentane or their 
mixtures; halogenated derivatives of aliphatic hydrocarbons 
containing from 1 to 3 carbon atoms such as, for example, 
di chl or odifluorome thane, 1, 2, 2-trif luoroethane, 1,1,2- 

10 trifluoroethane; carbon dioxide and water. 

At the end of the polymerization, substantially 
spherical polymer beads are obtained, with an average di- 
ameter ranging from 0.2 to 2 mm, inside which the additive 
is homogeneously dispersed. 

15 The beads are then discharged from the polymerization 

reactor and washed, in continuous and batchwise with non- 
ionic surface-active agents or, alternatively, with acids, 
as described in U.S. patent 5,041,465. 

A further object of the present invention relates to a 

20 process for preparing in mass and in continuous, expandable 
vinylaromatic polymers, which comprises the following steps 
in series : 

i. feeding a vinylaromatic polymer, as described above, 
to an extruder, together with a carbon black filler, 
25 having an average diameter ranging from 30 to 2000 nm. 
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a surface area ranging from 5 to 40 ic?/g, a sulfur 
content ranging from 0.1 to 2000 ppm and an ash resi- 
due ranging from 0.001 to 1%. The carbon black is also 
characterized by a weight loss with heat ranging from 
0.001 to 1%, an iodine number ranging from 0.001 to 20 
g/kg and a DBPA value ranging from 5 to 100 ml/ (100 g) 

ii. heating the vinylaromatic polymer to a temperatxare 
higher than the relative melting point; 

iii. injecting the expanding agent and possible additives 
such as flame-retardant agents, into the molten poly- 
mer before extrusion through a die; and 

iv. forming expandable beads, through a die, in a substan- 
tially spherical form with an average diameter ranging 
from 0.2 to 2 mm. 

A detailed method for preparing vinylaromatic polymers 
in mass and in continuous is provided in European patent EP 
126,459. 

At the end of the polymerization, whether it be car- 
ried out in suspension or in mass and in continuous, the 
expandable beads produced are subjected to pre- treatment 
generally applied to conventional expandable beads and 
which essentially consists in: 

1. coating the beads with a liquid antistatic agent such as 
amines, tertiary ethoxylated alkylamines, ethylene ox- 
ide-propylene oxide copolymers, etc. The purpose of this 
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agent is to facilitate both the adhesion of the coating 
and also the screening of the beads prepared in suspen- 
sion; 

2. applying the coating to the above beads, said coating 
essentially consisting of a mixture of mono-, di- and 
tri-esters of glycerin (or other alcohols) with fatty 
acids and of metallic stearates such as zinc and/or mag- 
nesium stearate, optionally mixed with the carbon black. 
Some illustrative but non-limiting examples are pro- 
vided for a better understanding of the present invention 
and for its embodiment. 
EXAMPLE 1 

A mixture of 150 parts by weight of water, 0.2 parts 
of sodium pyrophosphate, 100 parts of styrene, 0.25 parts 
of benzoyl peroxide, 0.25 parts of ter-butyl perbenzoate 
and 1 part of carbon black T990 sold by the company CONCARB 
of Houston - Texas (USA) with an average diameter of about 
362 nm, a BET of 10 mVg, an ash content of 0.02%, a sulfur 
content equal to 60 ppm, a weight loss with heat of 0.1%, a 
DBPA number of 44 ml/ (100 g) , are charged into a stirred 
closed container. The mixture is heated to 90°C under stir- 
ring. 

After about 2 hours at 90°C, 4 parts of a solution at 
10% of polyvinylpyrrolidone are added. The mixture is 
heated, still under stirring, for a further 2 hours to 
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100°C, 7 parts of a 70/30 mixture of n-pentane and i- 
pentane are added, the mixture is heated for a further 4 
hoiars to 12 5 ©C, it is then cooled and the batch discharged. 
A certain quantity of foam was present when discharging. 

The beads of escpandable polymer thus produced are sub- 
sequently recovered and washed with demineralized water 
containing 0.05% of a non-ionic surface-active agent con- 
sisting of a fatty alcohol condensed with ethylene oxide 
and propylene oxide, sold by Huntsman under the trade-name 
of Empilan 2638. They are then dried in a stream of warm 
air, 0.02% of etho3<ylated amine are added, and screened 
separating the fraction with a diameter ranging from 1 to 
1.5 mm. 

This fraction proved to be 40%, a 30% fraction being 
between 0.5 and 1 mm, a 15% fraction between 0.2 and 0.5 mm 
and the gross fraction of 15%, between 1.5 and 3 mm. 

0.2% of glyceryl monosterate and 0.1% of zinc stearate 
are then added to the fraction from 1 to 1.5 mm. 

The product is pre-expanded with vapour at a tempera- 
ture of lOOoc, aged for a day and used for the moulding of 
blocks (dimensions: 1040 x 1030 x 550 mm). 

The blocks were then cut to prepare flat sheets on 
which the thermal conductivity was meas\ired. The thermal 
conductivity was 36.5 mW/mK whereas that of a sheet having 
the same density (14 g/1) prepared with a traditional ref- 
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erence product (EXTIR A-5000) , was 42.5 mW/itiK. 

EXAMPLE 2 

A mixture of 150 parts by weight of water, 0.2 parts 
of sodium tricalcium phosphate, 100 part6 of styrene, 0.25 
5 parts of benzoyl peroxide, 0.25 parts of ter-butyl perben- 
zoate, 0.01 part of sodium dodecylbenzenesulfonate and 1 
part of carbon black used in Example 1 are charged into a 
stirred closed container. The mixture is heated to 90^C un- 
der stirring. 

10 After about 2 hours at 90°C, the mixture is heated for 

a further 2 hours to 100 °C and 7 parts of a 70/30 mixture 
of n-pentane and i-pentane are added, the mixtxire is heated 
for a further 4 hours to 125<^C, it is then cooled and dis- 
charged. When discharging the reactor, a heavy foam was 

15 present, which can be eliminated with antifoam agents known 
in the art or with abundant washing water. 

The beads of expandable polymer thus produced are 
processed as described in Example 1, separating the frac- 
tion ranging from 1 to 1.5 mm. 

20 This fraction proved to be 60%, a 25% fraction being 

between 0.5 and 1 mm, a 5% fraction between 0.2 and 0.5 mm 
and the gross fraction of 10%, between 1.5 and 3 mm. 

0.2% of glyceryl monosterate and 0.1% of zinc stearate 
are then added to the fraction from 1 to 1.5 mm. 

25 The expansion and moulding were effected as described 
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in Example 1. The thermal conductivity proved to be identi- 
cal to that of Exaicrple 1. 
EXAMPLE 3 

Example 2 was repeated with the exception of sodium 
5 dodecylbenzenesulf onate, which was siabstituted with 0.01% 
of sodium metadisulf ite. 

When the reactor was discharged, the presence of foam 
was negligible. 

The beads of expandable polymer thus produced are 
10 processed as described in Example 1, separating the frac- 
tion ranging from 1 to 1.5 mm. 

This fraction proved to be 75%, a 10% fraction being 
between 0.5 and 1 mm, a 5% fraction between 0.2 and 0.5 iran 
and the gross fraction of 10%, between 1.5 and 3 mm. 
15 The fraction between 1 and 1.5 mm is then washed as 

described in Example 1. There was no variation in the ther- 
mal conductivity. 
EXAMPLE 4 

Example 3 was repeated adding, together with the sty- 
20 rene, 0.7% of hexabromocyclododecane and 0.2% of dicumyl 
peroxide to make the product fire-resistant. 

When the reactor was discharged, the presence of foam 
was negligible. 

The beads of expandable polymer thus produced are 
25 processed as described in Example 1, separating the frac- 
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tion ranging from 1 to 1.5 mm. 

This fraction proved to be 70%, a 10% fraction being 
between 0.5 and 1 mm, 5% fraction between 0.2 and 0.5 mm 
and the gross fraction of 15%, between 1.5 and 3 iran. 

The fraction between 1 and 1.5 mm is then washed as 
described in Example 1. The sheets are placed in an oven at 
70OC for 2 days to remove the residual pentane; test sam- 
ples are then taken (9cm x 19cm x 2cm) for the fire- 
behaviour test according to the regulation DIN 4102. The 
sanvples passed the test. 
EXAMPLE 5 

97.8 parts of a polystyrene having a Melt Index of 12 
g/10' at 200°C/5 kg premixed with 1 part of carbon black 
used in exan^le 1, 1 part of hexabromocyclododecane (Saytex 
HP 900 sold by Albemarle) and 0.2 parts of diphenybutane 
(Perkadox 30 sold by Akzo) , are fed to a twin-screw ex- 
truder equipped with a feeding hopper. After bringing the 
polymer to the molten state, 7 parts of a mixture of n- 
pentane/i-pentane with a weight ratio of 70/30, are in- 
jected. 

The resulting mass is drawn through an extrusion head 
equipped with holes . The polymer emerging from the holes is 
cut by a series of rotating knives in contact with the sur- 
face of the die in order to obtain substantially spherical 
beads having an average diameter of about 1.2 mm. The die 
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is immersed in a water bath. 

The beads are sent by the stream of water, cooled to 
35°C, separated from the water and dried in a stream of 
warm air. 

5 Amine and the coating of Example 1 are then added to 

the beads . 

The beads are then expanded, moulded and, as in the 
previous examples, samples of sheets are taken for the 
fire-behaviour test. The samples passed the fire test ac- 
10 cording to DIN 4102. 

EXAMPLE 6 (comparative) 

Example 1 was repeated, substituting the carbon black 
of CONCARB with a type of carbon black having a diameter of 
15 nm, a specific surface of 200 m^/g sold be DEGUSSA xmder 
15 the trade-name of Printex 85 TM. 

After 60' at 90°C the suspension is agglomerated as 
the beads have adhered to each other; the conversion of 
styrene to polymer was also low (10%) . 

20 



25 
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